Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system with a very high economic impact. Peginterferon beta-1a is the first approved pegylated interferon beta-1a for the treatment of relapsing-remitting multiple sclerosis (RRMS). Its efficacy and safety were demonstrated in the placebo-controlled ADVANCE trial. A complete path to the assessment of a new health technology requires, in addition to a clinical evaluation, also an economic evaluation. In Italy, two economic evaluations were conducted and recently published. The objective of this article is focused on the two Italian economic analyses in order to describe the methods used, to summarize the main results, and to give a comprehensive picture of the pharmacoeconomic profile of peginterferon beta-1a in Italy in approved indication. The two analyses were conducted to evaluate such profile; the former was a cost-effectiveness analysis, the latter was a budget impact analysis:
Background
Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system, entailing a progressive disability. In 85% of patients with multiple sclerosis (MS) the onset form is relapsing-remitting MS (RRMS) [1] .
MS affects 2.1 to 2.3 million people all over the world, including 600,000 in Europe and 75,000 in Italy (where an incidence is estimated of about 2000 cases/year) [2, 3] .
The disease onset in full working age, its chronicity and its progression all heavily impact patients' quality of life and societal costs [4] .
The annual societal cost of MS is estimated in Italy at €2.7 billion [3] , 29% of which is for direct medical costs (hospitalizations, drugs, diagnostics), 29% for indirect costs (productivity losses), and 42% for direct nonmedical costs (informal care, transportation, aids) [5] .
The estimated average cost per patient/year from the perspective of the Italian society (i.e., including direct and indirect costs) amounts to €38,000 ca. It varies from €23,000 ca. in patients with mild disability (Expanded Disability Status Scale [6] (EDSS) score: 0-3), to €44,000 ca. in patients with moderate disability (EDSS: 4-6.5), to €63,000 ca. in patients with severe disability (EDSS ≥7) [7] .
The correlation between disease severity and cost significance was reported in several sources [3] [4] [5] [6] [7] [8] [9] . The Disease Modifying Therapies (DMTs) reduce the frequency of clinical relapses and delay disability progression.
Interferon (IFN) beta-1a, IFN beta-1b and glatiramer acetate (GA) are among the DMTs used in the first line treatment of patients with RRMS in Italy. They are available in injectable formulations (subcutaneous [SC] or intramuscular [IM]), with a variable administration frequency from once a day to once a week.
The European Commission granted marketing authorization to peginterferon beta-1a (Plegridy®) on July 18, 2014 . This is the first pegylated formulation for the treatment of RRMS and the only therapy administered with the frequency of one SC injection every 2 weeks.
In the randomized, double-blind, phase 3 clinical trial ADVANCE [10, 11] the efficacy and safety of peginterferon beta-1a were evaluated on a 2-year time horizon. The primary endpoint was the annualized relapse rate (ARR) at 48 weeks.
In the first year patients were treated with peginterferon beta-1a, administered every two (Q2W) or 4 weeks (Q4W) or with placebo; in the second year all patients were treated with peginterferon beta-1a, as placebo patients were re-randomized to be treated with either peginterferon beta-1a Q2W or Q4W. In the first year, patients treated with peginterferon beta-1a reported on average fewer relapses than those taking placebo (0.26 for the Q2W group [p = 0.0007], 0.29 for the Q4W group [p = 0.0114]. The confirmed disability progression 24 weeks decreased significantly (p = 0.0069) in patients treated with peginterferon beta-1a Q2W compared with placebo.
In the second year peginterferon beta-1a efficacy was maintained, with greater effects for the Q2W vs Q4W dosing.
Moreover, in both administration regimens the AD-VANCE study indicated a good safety and tolerability profile of peginterferon beta-1a, similar to the profile of the currently available IFN beta-1a therapies.
A complete path to the assessment of a new health technology requires, in addition to a clinical evaluation, also an economic evaluation.
The economic profile of peginterferon beta-1a versus other injectable first line therapies for the treatment of RRMS was recently evaluated In Italy with two different analyses: cost-effectiveness analysis and budget impact analysis [12, 13] .
Both analyses are published in Italian language, on a journal mostly addressed to pharmacoeconomists; a purpose of the present article is to provide with new data a wider area of readers, since it is written in English, on a journal which is read mainly by clinicians.
The primary objective of the present article is focused on the two cited analyses [12, 13] , in order to describe the methods used, to summarize the main results, and to give a comprehensive, unified picture of the pharmacoeconomic profile of peginterferon beta-1a in Italy in the approved indication.
Materials and methods
Economic evaluations reflect the need to rationalize the allocation of the available resources (scarce by definition), offering the decision-maker some criteria (on the basis of the information available and their reliability) such as to make justifiable choices [14] . Normally, such evaluations follow two steps.
The first (fundamental) step is aimed at estimating the economic efficiency in the allocation of healthcare resources, assuming they are invested in a given technology instead of another. The technique preferably used is the cost-effectiveness analysis (CEA) [15] , with the objective of quantifying (as far as possible, consistent with the specificity of the assessed technology) how much the new technology costs in order to gain one additional benefit (typically, a life year, LY) as compared to a competitor. Such measure, on which many economic evaluations are based in healthcare, is named incremental cost-effectiveness ratio (ICER). In the decision process, the ICER is compared to an acceptability threshold value, an acknowledged (not necessarily official) benchmark to which the meaning may be given of how much the society or the National Healthcare Service (NHS) is willing to pay (willingness to pay, WTP) for one additional benefit gained (for example, as above, a life year). When the new technology is more effective and less expensive than the standard, then it is named dominant.
A LY takes the name of QALY (quality-adjusted life year) when it is weighted with the patient's quality of life. One QALY is a measure unit "equivalent" to the benefit provided by one LY in full health. When QALYs are used, the evaluation technique may be called cost-utility analysis (CUA) -"utility" because the quality of life is converted into a synthetic coefficient which can be related, in economics, to a concept of utility such as "the degree of personal satisfaction", with values varying from 1 (full health) to 0 (death). CEAs/CUAs are preferably conducted on a medium to long term time horizon.
No economic acceptability threshold has been officially defined in Italy to date. Some proposals have been formulated by Italian authors [16] [17] [18] . In other countries official thresholds are used [19] , or thresholds are proposed by authors or organizations [20, 21] ). Based on data from these sources, an ICER value was assumed to be economically acceptable in Italy when it is less or equal to a range from €30,000 to €50,000 per QALY gained.
The second (complementary) step of an economic evaluation is aimed at answering a more immediate and frequent question from the decision-maker, regarding the financial sustainability of a new technology in the short term (1-3 years). Such objective is pursued with the budget impact analysis (BIA), with a view to estimate how and how much a change in the mix of therapies (following the introduction and spread of the new technology) used in the treatment of a given health condition will impact on the trend of the expenditure for such condition [22] from the perspective of the National Healthcare Service.
In the next sections we describe the methods which were followed to perform the two steps (CEA and BIA [12, 13] ) to evaluate the economic performance of peginterferon beta-1a for the treatment of RRMS in Italy.
The cost-effectiveness analysis (CEA) of peginterferon beta-1a in Italy
The analysis was conducted using a Markov model (a tool particularly useful when a decision problem involves risk that is continuous over time, when the timing of events is important, and when important events may happen more than once -such as the transitions that a patient performs from one health state to another, often in a recursive way [23] ). The model was based on a previously published one [24] , reviewed and accepted by -among several agenciesthe National Institute for Health and Clinical Excellence (NICE) in the UK [25] .
General description of the model
The economic perspective of the Italian National Health Service (NHS) is adopted, with an additional scenario taking into consideration the perspective of the whole Italian society. The time horizon is lifetime; costs and outcomes are discounted at the annual rate of 3.5% (to account for the effect of time on current cost and outcomes values).
Peginterferon beta-1a is compared to other injectable DMTs used in the first line therapy of RRMS:
-IFN beta-1a, 30 μg, intramuscular (IM), once a week (Avonex®) -IFN beta-1a, 22 μg, subcutaneous (SC), three times a week (Rebif 22®) -IFN beta-1a, 44 μg SC, three times a week (Rebif 44®) -IFN beta-1b, 250 μg SC, every other day (Betaferon® and Extavia®) -GA, 20 mg SC, once a day (Copaxone®).
The model simulates the mortality, the disease progression between EDSS levels, the relapse frequency and the transition to secondary progressive multiple sclerosis (SPMS), estimating the survival (LYs), the survival adjusted for quality of life (QALYs), the overall costs, the incremental cost per QALY gained (ICER).
Twenty-one health states are included in the model ( Fig. 1): -10 states in the RRMS form (EDSS levels 0; 1-1.5; 2-2.5; ….; 9-9.5) -10 states in the SPMS form (EDSS levels 0; 1-1.5; 2-2.5; ….; 9-9.5) -Death
The simulation starts with a hypothetical cohort distributed in the different EDSS levels of RRMS, according to the initial distribution and demographic characteristics of the patients in the ADVANCE study [10, 11] . At each (annual) simulation cycle the patients can progress/regress between the EDSS levels or remain in the same EDSS level in the RRMS form, progress to the SPMS form, have a relapse according to the specific probability in each level, or die. Patients cannot return from SPMS to RRMS, nor regress to lower EDSS levels in the SPMS form.
The treatments included in the model exert their effect both slowing down the disability progression (compared to the natural history of the disease) and reducing the relapse incidence in the RRMS form. Such effects persist over the long term [26] [27] [28] [29] [30] . No effect is considered on the progression from RRMS to SPMS, on the transition between EDSS levels in the SPMS form and on mortality.
It is assumed that patients stop therapy, with the DMTs included in the analysis, when reaching an EDSS level ≥ 7 in the RRMS form or when passing to the SPMS form.
In respect to each treatment adverse events are simulated.
Clinical data
The annual transition probabilities between EDSS scores of RRMS patients were obtained on the basis of data from the ADVANCE study [10, 11] (for levels 0-5), together with data from the London database, Ontario [31, 32] (for levels 6-9). The annual transition probabilities from RRMS to SPMS, and between EDSS scores of SPMS patients, were derived only from the London database (patients with SPMS were not enrolled in the ADVANCE study).
Annual relapse incidence data were obtained from the ADVANCE study [10, 11] , pooled with more data from literature [33] [34] [35] .
The death probability was estimated for each cycle considering the general mortality of the Italian population broken down by age and gender [36] , adjusted for the specific relative risk (RR) in each EDSS score (risk obtained by fitting data reported in the literature [37] ).
The treatment efficacy was simulated reducing the disability progression and the relapse incidence, using data derived from the recently published comprehensive Network Meta-analysis [38] .
The adverse events (AEs) for all therapies included in the model were those occurred with an incidence ≥5% for peginterferon beta-1a 125 mcg in the ADVANCE study as well as AEs that occurred at an incidence of ≥3% in the overall peginterferon beta-1a group compared to the placebo group (even if the overall incidence in the peginterferon beta-1a arms was <5%). The serious adverse events were excluded, considering their very low frequency in the ADVANCE study. Annual incidences for comparators were obtained from several sources [39] [40] [41] [42] [43] [44] [45] [46] .
The utility (related to the quality of life) in the EDSS scores of RRMS patients was assessed by Kobelt et al. [5] , together with a disutility (a decrement of utility, due to a health worsening) equal to 0.18 for each relapse (independent from the EDSS score). The utility in the EDSS scores of SPMS patients was estimated subtracting a disutility equal to 0.045 from the utility in the same level in RRMS [32] .
The disutilities of the adverse events were obtained from literature or based on expert opinion [47] [48] [49] [50] [51] .
A zero utility value was assumed when subtracting disutility gave a negative value.
Economic data
The analysis from the Italian NHS perspective identified, measured and quantified the direct medical costs relative to the health management of patients with MS.
The annual treatment cost per patient was calculated based on the ex-factory price per pack, net of temporary low reductions and any negotiated hidden discounts, multiplied by the number of units needed to cover 1 year. For all DMTs included in the model, adherence to treatment was considered equal to 100%.
Administration costs were not considered, since all DMTs in the model can be self-administered subcutaneously or intramuscularly, i.e. at zero cost from the perspective of the Italian NHS. [12] Annual monitoring costs were calculated based on MS healthcare regional recommendations adopted in EmiliaRomagna [52] and Lazio [53] ; resources consumption was valued according to current tariffs [54] . For peginterferon beta-1a, the same consumption was assumed as for non pegylated IFN beta-1a therapies.
The direct medical management cost per relapse was calculated on the basis of an elaboration of the societal cost of one relapse assessed by Kobelt et al. [5] , inflated to December 2014 with the Italian consumption price index [36] .
The management cost of adverse events was calculated multiplying the annual incidence rates of the adverse events associated to each DMT included in the model by the unit cost of each event. It was assumed that adverse events included in the analysis were managed in the outpatient setting, by a general practitioner [55] or by a specialist [54] .
Disease management costs (hospitalizations, outpatient care, visits and lab tests, drugs except DMTs) in the different EDSS scores of RRMS and SPMS patients were estimated processing data reported in the MS cost of illness analysis by Karampampa et al. [56] .
In the additional scenario where the Italian society perspective was adopted, indirect costs due to productivity losses (sick leaves, early retirements) caused by MS were also valued, together with direct non-medical costs, e.g. for informal care (from relatives and/or friends) [56] .
Sensitivity analysis
The sensitivity analysis was conducted in order to check the robustness of the results and the impact of uncertainties in the data used, considering that the clinical and economic parameters of the model might -in the real life and over time -take values both more or less favorable as compared to those adopted in the basic configuration of the model.
In the one-way sensitivity analysis (OWSA) the value of each parameter was separately varied, and the impact was calculated and registered of such change on the results. For each parameter the low and high value of its uncertainty interval were given. Such interval was defined as the 95% statistical confidence interval (95%CI) when available or as ±10% of the parameter basic value.
The probabilistic sensitivity analysis (PSA) was performed by simultaneously and randomly varying (through 1000 replications) the values of all parameters. To each of them a probability distribution was assigned, centered on the parameter base value and with a variance derived from the 95%CIs reported in the cited Network Meta-analysis [38] (for relapse and progression parameters) or with a standard error assumed equal to 25% of the base value (in all other cases).
The budget impact analysis (BIA) of peginterferon beta-1a in Italy
A simple decision analysis model was used in order to evaluate the potential financial impact of the introduction of peginterferon beta-1a in the Italian drug market for the treatment of RRMS, from the perspective of the Italian NHS, on a 3-year time horizon.
General description of the model
The overall treatment costs were analyzed of a population with RRMS (target population) in Italy, by comparing two different scenarios (Fig. 2): -A scenario in which the target population is treated with the injectable first line DMTs available in Italy (IFNs beta, GA) excluding peginterferon beta-1a (base scenario) -A scenario including peginterferon beta-1a among the injectable first line DMTs available in Italy (alternative scenario)
By processing drug consumption data in Italy [57] , the number of patients treated with a first line injectable DMT (target population) in the first year of observation was estimated at 35,472. To this number, the number of naïve patients (2000 per year [3] ) was added for the following years. The mortality was not taken into account in the budget impact analysis, in view of the short period of observation.
The treatment mix in the base scenario was derived from estimated market shares [57] , assuming it remains constant during the three observed years.
In the alternative scenario, the number was initially estimated of the patients that might start the treatment with peginterferon beta-1a in the first 3 years after launch. The number of equivalent patients per year was then calculated (such number allows to consider that every patient is treated for 1 year). Based on the
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Budget impact for Italian NHS Fig. 2 BIA Model structure. NHS: National Health Service; Adapted from Iannazzo et al. [13] similarity between active principles, it was assumed that peginterferon beta-1a could compete mainly with IFN beta-1a therapies, and only marginally with IFN beta-1b and GA (considering other characteristics too: ways of use in the clinical practice, action mechanism, etc.).
Clinical data
Efficacy data -in terms of relapse incidence rate without treatment, and of relapse relative risk reduction associated to the drug treatments of the RRMS -were derived from the recently published Network Meta-analysis [38] .
With the objective of maintaining a simple cost structure, among the adverse events only those related to the injection site necrosis and flu-like syndrome were considered. The respective incidences were derived from the Prescribing Information of each DMT included in the analysis [58] [59] [60] [61] [62] [63] .
Economic data
The treatment cost (for which a general adherence of 85% was assumed [64] ), the annual monitoring costs and the management cost per relapse were valued with the same criteria adopted in the costeffectiveness model (see point 2.1.3). The management cost of adverse events was assumed equal to the cost of an outpatient specialist visit [54] .
The sensitivity analysis
An OWSA was performed, based on the same criteria adopted in the cost-effectiveness evaluation (see point 2.1.4). The analysis was focused on the maximum budget impact occurring in the third year.
Results
Similarly to the order followed in the Methods section, results are presented sequentially in the two steps of the economic evaluation of peginterferon beta-1a: CEA and BIA respectively.
The cost-effectiveness analysis (CEA) of peginterferon beta-1a in Italy The comparison of peginterferon beta-1a with IFN beta-1a in the NHS perspective
Results of the analysis indicated that peginterferon beta1a appeared more effective than IFN beta-1a, in terms both of survival (LYs, discounted) and of survival adjusted for quality of life (QALYs, discounted) ( Table 1) .
The (discounted) total direct medical cost of a patient treated with peginterferon beta-1a was slightly higher than that of a patient treated with IFN beta-1a 30 μg or with IFN beta-1a 22 μg; in fact, the higher drug and monitoring cost is only partially offset by lower costs for relapses, adverse events and disease management (as compared with the two comparators). On the contrary, the total direct medical cost of peginterferon beta-1a was lower than that of IFN beta-1a 44 μg (Table 1) .
Peginterferon beta-1a was dominant vs IFN beta-1a 44 μg because it was more effective and with lower costs. The ICER of peginterferon beta-1a vs IFN beta-1a 30 μg and vs IFN beta-1a 22 μg resulted equal to €11,112 and €12,604 per QALY respectively. In both cases, the ICER is below the acceptability threshold of €30,000-50,000/QALY (Table 1) .
Comparing peginterferon beta-1a with IFN beta-1a 30 μg and with IFN beta-1a 22 μg, the OWSA showed that the parameters which most impact on the costeffectiveness results are the disability progression hazard rates and the outcomes discount rate. However, only the variation in the hazard rates can give rise to ICERs exceeding the €30,000/QALY threshold. Also in the comparison between peginterferon beta-1a and IFN beta-1a 44 μg, where the former was dominant (Table 1) , the most impacting parameters are the same -but in no case the ICER exceeds €30,000/QALY. The PSA primarily showed that the results are robust to variations in the input parameters, in all cases. Moreover, over the 1000 simulations where parameters were varied from the base-case assumptions, in the comparison with IFN beta-1a 22 μg, the probability that peginterferon beta-1a was cost-effective when WTP is assumed to be €30,000/QALY was 74.1% (79.8% if WTP is €50,000/QALY). In the comparison with IFN beta-1a 30 μg, the analogous probability was 79.7% for peginterferon beta-1a when WTP is assumed to be €30,000/ QALY (85.1% when WTP is €50,000/QALY).
Finally, in the comparison with IFN beta-1a 44 μg, the PSA showed that peginterferon beta-1a is dominant in 76.2% of cases and cost-effective in 97.6% when WTP is €30,000/QALY.
The comparison of peginterferon beta-1a with other injectable first line DMTs in the NHS perspective
Peginterferon beta-1a was more effective than IFN beta1b and GA (in terms both of LYs and of QALYs), with a total medical direct cost per patient slightly higher ( Table 2) .
The ICER of peginterferon beta-1a was €10,580, €16,702, and €22,023 per QALY vs IFN beta-1b 250 μg (Betaferon), IFN beta-1a 250 μg (Extavia), and GA 20 mg, respectively -below the acceptability threshold of €30,000-50,000/QALY in all comparisons ( Table 2) .
The results of the OWSA are in line with those relative to the comparisons between peginterferon beta-1a with IFN beta-1a (reported above).
In the PSA, the comparisons show trends analogous to those described for IFN beta-1a. In particular, the probability for peginterferon beta-1a to be cost-effective is 74.7% vs GA, 81.4% vs IFN beta-1b 250 μg (Extavia) and 87.0% vs IFN beta-1b 250 μg (Betaferon) when WTP is €50,000/QALY.
The analysis in the societal perspective
The total societal cost of a patient treated with peginterferon beta-1a was lower than those of all the comparators included in the analysis (Table 3) .
Peginterferon beta-1a was dominant vs all injectable first line DMTs (IFN beta-1a, IFNβ-1b, GA) because it is more effective, in terms both of survival (LYs) and of survival adjusted for quality of life (QALYs) and with a lower total societal cost ( Table 3) .
The PSA showed peginterferon beta-1a dominant vs all comparators, with probabilities between 76.3% (vs IFN beta-1a 44 μg) and 85.8% (vs IFN beta-1b 250 μg).
The budget impact analysis (BIA) of peginterferon beta1a in Italy
In the base scenario (without peginterferon beta-1a), the total medical cost of the target population was equal to €321,530,021, €339,658,686, and €357,787,352 in the first, second, third year of the observation period, respectively (Table 4 ). In the alternative scenario (with Extavia peginterferon beta-1a) the analogous costs were lower: €321,118,561, €338,559,367, and €356,201,191, respectively. Therefore, from the perspective of the Italian NHS, the introduction of peginterferon beta-1a to the Italian market of first line injectable therapies for the treatment of RRMS resulted in a 3-year cumulative impact of about €3.1 million savings (−0.3% of the expenditure). The comparison of the detailed cost items in the two scenarios showed that the reduction of the total expenditure in the alternative scenario was mainly due to the reduction of the overall acquisition cost for the pharmacological therapy and to the lower costs for the relapse management thanks to the reduction of the total number of relapses.
The OWSA, focused on the cumulative impact of the 3 years, showed that the acquisition cost of peginterferon beta-1a is the most relevant parameter, the variation (±10%) of which can result in an impact with a positive value (i.e. in a cost to the Italian NHS). The result is influenced, albeit to a lesser extent, also by the efficacy parameters of the treatments (in terms of relapse increase or reduction) and by the cost per relapse; the variation of these parameters, however, can never give rise to a sign change in the result, which remains consistently favourable in the alternative scenario (with peginterferon beta-1a). Relative impact (%) −0.13% −0.32% −0.44% −0.30%
Discussion
The economic profile of peginterferon beta-1a in the treatment of RRMS in Italy was assessed with two analyses. In the cost-effectiveness analysis (CEA), peginterferon beta-1a was compared with other injectable first line DMTs on a lifetime horizon, and was found to be the most effective. From the NHS perspective, peginterferon beta-1a was dominant versus IFN beta-1a 44 μg. The ICER of peginterferon beta-1a versus IFN beta-1a, IFN beta-1b and GA was consistently below the acceptability threshold adopted (€30,000-50,000/QALY [16] [17] [18] [19] [20] [21] ) -or, from another point of view, well below the level considered acceptable in another jurisdiction like UK [19] . From the societal perspective, peginterferon beta-1a was always dominant versus all the alternatives included in the cost-effectiveness model.
The analysis of the budget impact (BIA) from the NHS perspective showed that the introduction of peginterferon beta-1a results in a health expenditure reduction over the three analysed years, starting from the first year.
In both the CEA and the BIA, the sensitivity analysis confirmed the reliability of the base case results.
On the other hand, it is worth highlighting the major limitations associated to these assessments, starting from those which are common to both the CEA and the BIA of peginterferon beta-1a.
The first limitation is due to the unavailability of a head-to-head study comparing peginterferon beta-1a with the alternatives included in the analysis. As a consequence, for clinical data about the efficacy of the treatments the Network Meta-analysis [38] was used, which provides indirect comparisons. This is likely acceptable, however, considering that such analyses are numerically grown very much in the last years [65] and that their use in pharmacoeconomic evaluations is now well established [66, 67] .
The second limitation lies in not having captured, in the design of the models, all the features that might be differentiating for peginterferon beta-1a, such as the administration frequency and the degree of immunogenicity.
In fact, peginterferon beta-1a is administered subcutaneously once every 2 weeks. Considering that the number of administrations per month of comparator first line injectable DMTs currently available in Italy is between 4 and 28, a reduction in administration frequency between 50% and 94% can be achieved with peginterferon beta-1a. Such a reduction might result in better adherence to treatment, with clinical and economic benefits for both patients and NHS. The adherence to therapies for MS has proved inversely correlated to the relapse incidence and to the total direct and indirect costs; in particular, the comparison between adherent and non-adherent patients showed that in the former the incidence of serious relapses is significantly lower (12.4% vs 19.9%, p < 0.013), and the average total direct and indirect costs are also significantly lower ($14,095 vs $16,638, p < 0.048) too [68] .
In the pivotal study peginterferon beta-1a showed a low immunogenicity. This results in a low risk of producing neutralizing antibodies (NAbs), which reduce treatment efficacy. Patients with NAbs show a significant increase of the relapse incidence rate ratio (IRR = 1.38; p = 0.0247) and a significant decrease of the time to the first relapse (IRR = 1.51; p = 0.0111) [69] . This means that a low immunogenicity results in a low economic impact from the perspective of both the NHS and the society: the annual increment of the management cost of a patient who develops NAbs is equal to €1111 from the perspective of the Italian NHS and to €3100 from the perspective of the Italian society [70] .
In any case, it should be noted that assuming an equal adherence to treatment (100% in the CEA and 85% in the BIA) in all the DMTs included in the analysis, and not considering a different immunogenicity degree among the IFNs, is a conservative approach in assessing peginterferon beta-1a.
Another limitation is represented by the value used for the relapse cost from the perspective of the Italian NHS: not having found ad hoc data in the literature, such value was calculated processing the societal cost estimated by Kobelt et al. [5] . Moreover, this source is not recent and the relapse management mode has meantime changed in the clinical practice, with a reduction of the number of relapses associated to a hospitalization. To keep into consideration the potential weakness of the adopted value, its variation interval was extended to −30% of the basic value in the OWSA.
Among the limitations specific to peginterferon beta1a CEA only, the first one regards the model configuration, which is limited to the first line of treatment and cannot simulate possible further treatments. This is due to the fact that no therapeutic algorithm is reported in the Italian guidelines for the MS treatment.
Finally, the analysis does not capture the patient's satisfaction/dissatisfaction effects nor the effects of increment/decrement of the quality of life associated to a MS therapy as compared with another. Due to the unavailability of data in the literature to this purpose, the utilities adopted to assess the quality of life do not keep into account the possible preferences of patients for the individual drugs.
As to the budget impact analysis, not including costs due to disability progression is a specific limitation. On the other hand, this choice was made because a threeyear time horizon looked too short to appreciate the possible economic consequences of a slowing in the disability progression.
Some evidence and confirmations could be given in addition to the results of this study.
The first one regards the cost-effectiveness analysis where the average proportion between the total lifetime per patient cost from the NHS perspective (direct medical costs) and the society perspective (direct and indirect costs) is about 28% (Tables 1-3 ). This percentage is in line with the estimated proportion of direct medical costs in the Kobelt study [5] . The second one regards the budget impact analysis where the cost per patient per year which can be derived from Table 4 (about € 9200) looks comparable with the mean direct medical cost per patient per year reported in the Kobelt study [5] (€ 11,100) considering also that in the BIA were not considered all costs included in the Kobelt study (such as: physical visits, over the counter drugs, rehabilitation).
Further supports are available for CEA only. They show how the results from the Italian analysis are in line with those reported for US, Scotland, and Ireland.
A study was conducted in the US assessing the costeffectiveness of peginterferon beta-1a vs IFN beta-1a (44 μg SC three times per week) and GA (20 mg SC once daily) in the treatment of RRMS from the perspective of a US payer [71] .
The Markov model used for the analysis is the same (both in structure and in assumptions) as that above described in Section 2, only differing in some options (e.g., time horizon: 10 years in the base case instead of lifetime; annual discount rate: 3% instead 3.5%) and in the data concerning the US demographic and economic environment (mortality, medical costs) instead of the Italian one.
Compared with IFN beta-1a 44 μg and GA 20 mg, peginterferon beta-1a was associated with a slower rate of disability progression during RRMS and of progression to SPMS. This resulted in peginterferon beta-1a being dominant over both competitors, with cost savings of A comparison of results from Italian and USA analyses -specific data are not reported here -shows that LYS and QALYs are fewer in the former, due to the shorter time horizon adopted in the US model. However, all (but one) cost items are higher (in particular, the cost for drugs and monitoring) than in Italy, which might be explained by a positive difference between the unit prices in the respective health systems.
The only cost item which appears higher in Italy is the cost for disease management: a kind of cost particularly increasing with the worsening of the disease, which can be better assessed in a longer time horizon.
The probabilistic sensitivity analysis showed that peginterferon beta-1a was dominant over both competitors in >90% of 5000 replications and was cost-effective in 95% of the replications when using a WTP threshold equal to $50.000 (€ 44,000) per QALY gained.
The study [67] showed that peginterferon beta-1a has a favorable cost-efficacy profile relative to its comparators, confirming the results from the Italian CEA [12] .
In Scotland, the cost-effectiveness evaluation of peginterferon beta-1a vs IFNs beta and GA from the NHS perspective showed peginterferon beta-1a dominant vs IFN beta-1a 30 μg, IFN beta-1a 22 μg and IFN beta-1b and cost-effective (assuming a WTP equal to £20,000) vs IFN beta-1a 44 μg and GA 20 mg [73] .
Also in Ireland, in the cost-effectiveness evaluation of peginterferon beta-1a vs IFNs beta and GA from the perspective of a third payer, peginterferon beta-1a resulted dominant vs all comparators [74] .
Conclusions
In conclusion, the results from the cost-effectiveness analysis show that peginterferon beta-1a in the treatment of RRMS in Italy is a cost-effective alternative, vs both IFN beta-1a and other injectable first line treatments (IFN beta-1b and GA) from the perspective both of the Italian NHS and of the Italian society. In the light of the budget impact analysis, the introduction of peginterferon beta-1a among the first line injectable available alternatives does not result in additional costs but, on the contrary, it generates savings for the NHS.
Overall, reading together the results from two analyses (CEA and BIA), peginterferon beta-1a is a cost-effective and financially sustainable alternative from the NHS perspective and a valid option in the treatment of patients with RRMS in Italy.
